Excitatory action of N-methyl-D-aspartate on the rat locus coeruleus is mediated by nitric oxide: an in vivo voltammetric study.
Biochemical, electrophysiological and behavioural studies have provided evidence that activation of N-methyl-D-aspartate (NMDA) receptors contributes to the hyperactivity of noradrenergic neurons of the locus coeruleus (LC) in precipitated opioid withdrawal. Recently, it was demonstrated that central administration of nitric oxide (NO) synthase inhibitors suppresses this hyperactivity suggesting that NO mediates the NMDA receptor activation of LC in opioid withdrawal. Using a combination of microdialysis and in vivo voltammetry, this study examined whether local application of NMDA to the LC in opioid naive animals mimics the NO-dependent LC response seen in opioid withdrawal. In the urethane anaesthetized rat, perfusion of the LC (2 microliters min-1) with a solution of NMDA (5 mmol) via a microdialysis probe for 9 min resulted in a rapid and robust increase (290.1 +/- 32.2% above baseline) in the catechol oxidation current (CA.OC) recorded from the LC using differential normal pulse voltammetry (DNPV). The NMDA microdialysis also produced a large increase in the blood pressure (150.4 +/- 6.9% above baseline). An injection of the non-competitive NMDA receptor antagonist (+)MK-801 (0.5 mg kg-1 i.v.), given 45 min after the start of NMDA application, rapidly returned both the CA.OC signal and the blood pressure response to baseline levels. Pretreatment of animals with intraventricular nitric oxide synthase (NOS) inhibitor, N omega-nitro-L-arginine methyl ester (L-NAME) (100 micrograms) significantly inhibited NOS activity in the LC, PAG-PVG and cerebellum. This dose of L-NAME, administered prior to application of NMDA by microdialysis abolished the NMDA-induced rise in the CA.OC recorded in the LC and the increase in systolic blood pressure. The results show that in voltammetry experiments, NMDA produces hyperactivity of LC and hypertension, responses that are dependent upon the synthesis of NO. Thus, in opioid naive rats, regional NMDA application via microdialysis mimics characteristics of the LC response that occur during the antagonist-precipitated opioid withdrawal.